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Since  Tigerstedt  and  Bergman  (1), in  1898,  described the pressor effects 
of renal extracts, and to the active principle applied the name  "renin," the 
vasoconstrictor action of this and similar substances has received particular 
attention and emphasis.  This effect is, indeed, the basis of certain standard 
tests °for the presence and potency of "renal pressor substances" in blood or 
tissue extracts (2-7).  Moreover, as applied to these and other blood-pressure- 
raising substances, the term "pressor" has come to be loosely used to connote, 
or to imply, vasoconstriction.  The control of blood pressure rests, however, 
upon the coordinate interplay of several factors, of which peripheral vascular 
resistance is but one; other factors are: cardiac output and volume of circu- 
lating blood. 
The authors  have  examined  the  influence of renin  and  angiotonin  upon 
various segments of the circulation (8, 9) and report herewith the effects of these 
substances upon the heart and coronary circulation. 
Tigerstedt and  Bergman (1) observed no consistent  variation of  pulse  rate  fol- 
lowing  intravenous injection of renin,  nor any effect  of renin upon the  isolated, 
perfused heart of the rabbit.  Hessel (10) confirmed these results,  using the perfused 
hearts of frogs and the isolated auricles of guinea pigs, which were uninfluenced even 
by huge doses of renin.  He further reported that, in concentrations below 1:20,000, 
renin was without effect upon isolated strips of the coronary arteries of cattle.  In a 
tabular summary (ll) comparing  the actions of adrenalin,  renin, and "vasopressin" 
Hessel stated the action of renin upon theheart to be "F6rderung nur bei geschadigtera 
Horzen." 
Effects upon the Isolated, Perfused Heart 
Renin was prepared by alcohol precipitation of fresh pig's kidney cortex, and frac- 
tional precipitation with ammonium sulfate, followed by prolonged dialysis.  Renin 
activator was prepared from beef serum by fractional precipitation with ammonium 
sulfate, dialysis, and concentration by evaporation at room temperature.  Angiotonin 
* Work~g under the Jacques Loeb and Archbold  Fellowships. 
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was prepared by the method of Page  1 and Helmer (12).  The pH of this solution was 
adjusted to 7.0 with dilute sodium hydroxide just prior to injection. 
The hearts of cats were isolated and perfused with Ringer-Locke solution by the 
Langendorff method.  The solution  to be tested was slowly injected, in doses shown 
to produce minimal to moderate pressor effects in intact animals, into the stream of 
the perfusate just above the heart.  The rate of outflow from the coronary arteri~ 
was measured and recorded  by means of a  Condon  (13) magnet-tipper.  A  myo- 
graphic tracing of the contractions of the right ventricle was registered on a kymo- 
graph.  In several experiments electrocardiographic  records  were obtained by means 
of worsted electrodes attached to the heart over base and apex. 
Results 
Renin.--The observations that renin is without significant influence upon the 
isolated heart, perfused with Ringer-Locke solution,  were entirely confirmed 
by 33 injections in 16 experiments.  Occasionally coronary outflow was slightly 
reduced for a short interval, but rate or amplitude of beat was never affected. 
(See Table I.) 
Renin  Activator.--This  substance  was  tested  in  only  four  experiments. 
Aside from an evanescent reduction of coronary flow, due perhaps to its protein 
content,  renin  activator  was  also  without  influence  upon  this  preparation. 
(See Table I.) 
Angiotonin.-- 
Coronary Flow.--Twenty-four  injections  in  12  experiments  reduced  the 
coronary outflow from 27 to 86 per cent (average 45 per cent) in the presence 
of  normal  sinus  rhythm.  Representative  results  in  seven  experiments  are 
summarized  in  Table  L  The  effect reached  its  maximum within  30  to  75 
seconds  after the  beginning  of the  injection  and  lasted  for  1  to  6  minutes. 
(See  Fig.  1.)  This  showed  no  tendency  to  diminish  with  successive injec- 
tions, though not more than four were administered to any one preparation. 
One or more previous exposures to renin did not appear to influence the reac- 
tion to subsequent injections of angiotonin.  In one experiment a cat weighing 
2.8 kilos was rendered tachyphylactic to renin by five injections of from 2 to 
5 cc.  The pressor response to angiotonin was then considerably reduced by 
ten successive injections of from 1 to $  cc.  Following these procedures the 
heart  was  removed  and  perfused.  In  this  preparation  (E-31)  angiotonin 
(0.9 cc. of the same batch administered to the animal in vivo) caused a striking 
reduction in coronary outflow. 
A  moderate rise in coronary flow (averaging 16 per cent for all injections) 
frequently  followed  the  early  reduction  caused  by  angiotonin.  This  late 
increase in flow was measurably reduced with successive injections. 
Such diminution of coronary flow is not, apparently, secondary to any effect 
x The authors are indebted to Dr.  Page who kindly furnished us a  quantity of 
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of angiotonin upon  speed or amplitude  of ventricular contraction.  Four  in- 
jections, in three preparations in which ventricular fibrillation was maintained 
TABLE I 
Effect of Angiotonin, Renin, and Renin Activator upon the Isolated Cat's Heart 
Experi- 
ment  Substance  tested 
No. 
co. 
E-23  A 0.6 
A0.6 
A0.7 
E-24  A 0.6 
R0.5 
A0.5 
E-25  A 0.45 
A 0.45 
*A 0.45 
E-26  RA 2.5 
R2.0 
A0.5 
R2.0 
**RA 2.5 
E-27  RA 2.0 
R2.0 
A0.3 
RA 2.0 
E-29  A 0.6 
*A 0.75 
E-31  A 0.9 
Coronary flow  Amplitude of I  rate 
20 
10 
56 
0 
0 
+2O 
13 
29 
0 
30 
30 
67 
21 
18 
16 
Change 
of rate 
per cent 
-1 
-9 
--8 
--1 
--1 
-8 
--8 
-8 
--4 
0 
+9 
0 
0 
0 
0 
+4 
--4 
-2 
-11 
R,  renin.  A, angiotonin.  RA, renin  activator. 
* Ventricular  fibrillation  maintained  throughout  observation  by  faradic  stimulation  of 
ventricles. 
** In this observation activator was boiled and supernatant  fluid injected. 
by faradic stimulation, brought about a  decrease in coronary flow by from 16 
to 48 per cent (average 28 per cent). 
Heart  Rate.--Significant  effects  upon  heart  rate  were  not  recorded.  In 
some  observations  the  rate  of beat  diminished  slightly during  the  period  of 
reduced coronary flow.  In a few others there was an evanescent slight acceler- 
ation at the height of the effect. 94 
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Amplitude of Beat.--The  amplitude of ventricular contraction, as reflected 
in  that of the myographic tracing, was  augmented by every injection of an- 
giotonin by from  18 to 300 per cent  (average 92 per cent).  This effect com- 
menced later than the slowing of the coronary flow, reached its maximum in 1 
to 3  minutes, and persisted for 3  to  15 minutes.  (See Fig.  1.)  The effect of 
angiotonin upon amplitude of beat showed no consistent tendency to diminish 
with successive injections.  As illustrated in Fig.  1,  there was no visible evi- 
dence in the myographic tracing that  the diastolic length of myocardial fiber 
shortened during the angiotonin effect. 
Electrocardiogram.--Records  obtained  by  the  base-apex  lead  during  the 
reaction to angiotonin confirmed the observation that this was associated with 
little or no  change in cardiac rate.  During, and for a  few minutes following, 
the  constriction  of  the  coronary  arteries  provoked  by  angiotonin  various 
abnormalities appeared in the electrocardiogram, notably in the S-T segment. 
Fig. 2  illustrates the occurrence of electrical alternans  2 during the angiotonin 
effect. 
Effects  upon the Heart-Lung Preparation 
Cats, weighing 2.5 to 3.5  kilos were anesthetized by the intraperitoneat injection 
of a  solution of nembutal, 35 rag. per kilo.  Chlorazol fast pink 80 rag. per kilo was 
injected intravenously as an anticoagulant.  One animal was bled from the carotid 
artery while  100  cc.  of warm  Ringer-Locke's solution was  injected into  a  femoral 
vein.  Using the second animal a heart-lung preparation was set up after the method 
of Knowlton and Starling (14).  Cardiac output was measured by means of a modi- 
fied Gaddum  (15)  recorder interposed between  the  "peripheral resistance" and  the 
venous reservoir. 
In view of the results of these observations two features of the heart-lung prepara- 
tion deserve particular mention.  Outflow from the aorta is impeded by a pneumatic 
"peripheral resistance," which is uninfluenced by drugs or chemicals introduced into 
the circulating blood.  With increase of flow through it, the actual resistance offered 
by this device may slightly diminish but will not increase.  This will act to diminish 
any apparent increase in "arterial" pressure accompanying increased cardiac output. 
Furthermore,  it should  be emphasized that  the level of the venous reservoir remains 
fixed throughout any given observation, but the level of blood therein may rise or fall 
somewhat dependent upon the rate of flow into the heart.  If cardiac output rises, 
the rate of inflow will increase and  the level of blood in the venous reservoir,  and, 
2 The effect of coronary constriction upon the electrocardiogram is probably some- 
what  exaggerated in  the  isolated heart  perfused with  Ringer-Locke solution.  The 
available oxygen supply is limited to that dissolved in the saline medium, and is, no 
doubt,  not far above the  basal oxygen requirements of the myocardium.  Any de- 
crease of coronary flow may, therefore, considerably influence the spread of excitation 
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secondarily, venous  pressure,  will fall temporarily.  This  will mitigate against the 
maintenance of any increase in cardiac output. 
Renin,  or  angiotonin,  was  injected into  the  stream  of  blood above the  cannula 
inserted in the superior vena cava.  The dosage of each preparation corresponded to 
that required to cause minimal to pronounced rise in blood pressure in a  cat of 2.5 
to  3.5  kilos  weight.  "Arterial"  pressure  in  millimeters of  mercury,  and  venous 
pressure in millimeters of saline, obtained by means of a  cannula in the inferior vena 
cava, and  the rate of flow through  the  Gaddum recorder, were recorded on a  slow 
kymograph by means of calibrated Brodie bellows. 
FIG. 2.  Electrocardiogram  (base-apex lead)  of  isolated cat's heart  perfused with 
Ringer-Locke solution  (experiment E-12).  A, control: normal record, rate  103  per 
minute.  B, 3  minutes after administration of angiotonin; rate 91  per minute,  elec- 
trical alternans. 
Results 
"Arterial" Pressure.--Renin produced a  measurable rise in  "arterial" pres- 
sure, from 2  to  12  mm.  Hg, in  15  of 20 injections in 20 experiments.  In two 
others  pulmonary  edema  developed  rapidly  following  the  injection.  The 
results  of  eight  observations are  shown  in  Table  II.  In  these  instances  the 
effect on blood pressure lasted for from 6  to  20  minutes.  Fig. 3  illustrates a 
kymographic record of such an effect. 
Angiotonin  produced  a  somewhat  more  rapid,  and  less prolonged,  rise  in 
"arterial" pressure in 20 of 23 injections in  18  experiments  (Fig. 4).  Twelve 
examples of such effects are summarized in Table II, showing rises of from 1 to 
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Cardiac Output.--The  injection of renin brought about increase of  cardiac 
output (Figs. 3 and 4) of 6 to 25 per cent in 14 of 20 instances.  In four observa- 
tions there was no measurable effect; in two others, already mentioned, pulmo- 
nary edema rapidly developed.  Eight experiments are summarized in Table II. 
Angiotonin caused an increase of output (Fig. 4) in 17 of 23 injections, the 
maximum being 38 per cent.  It brought about an increase of output followed 
by a decrease in three instances, and was without influence in three others. 
TABLE  II 
Effects  of Renin  and Angiotonin  upon  the Heart-Lung  Preparation 
Experi- 
ment 
No. 
C  12-I 
C  12 
C  13 
C  14 
C  15 
C  16 
C  19 
C 20 
C 24 
C 25 
C 28 
C 29 
C  14 
C  15 
C  17 
C  19 
C 20 
C 23 
C 28 
C 29 
~bstance 
tested 
cc. 
A2.0 
A8.0 
A8.0 
A8.0 
A8.0 
A8.0 
A4.0 
A2.0 
A3.0 
A 4.0 
A4.0 
A4.0 
RS.0 
R5.0 
R5.0 
R  5.0 
RS.0 
R*5.0 
R  6.0 
R6.0 
Initial 
pressure 
~m. Hg 
109 
99 
100 
85 
113 
108 
116 
113 
130 
116 
43 
98 
85 
90 
86 
102 
113 
119 
46 
102 
Rise 
4 
4 
8 
2 
1 
4 
2 
7 
3 
9 
3 
6 
2 
12 
8 
7 
2 
2 
4 
7 
Duration  Initial 
change  output 
mi  i .  cc./min.107130979279 
11  73 
4  152 
5  81 
4  63 
15  104 
3  106 
10  149 
8  99 
8  63 
10  36 
15  109 
6  81 
10  125 
15  106 
20  145 
Duration 
change 
rain. 
15 
10 
10 
18 
3 
2 
10 
20 
10 
4 
8 
12 
10 
2 
* In reservoir. 
Heart Rate.--Neither  renin nor angiotonin exerted any apparent influence 
upon heart rate in the heart-lung preparation.  In this respect, these substances 
stand in sharp contrast to adrenalin, paredrine,  3 or paredrinol.  3  These latter 
increased cardiac output in this preparation even in small doses but in each 
instance this effect was associated with a  rapid and considerable rise in heart 
rate. 
Plethysmographic records of ventricular size were not obtained during these 
3 Kindly furnished by Smith, Kline, and French Laboratories, Philadelphia. ~° 
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experiments, but it was not possible by watching  the heart during this effect 
to  observe any  pronounced  degree  of  dilatation  of the  ventricles.  On  the 
other hand,  at the height of the effect it was apparent that the amplitude of 
ventricular systole had considerably increased. 
FIG. 5. Cat 3 kilos.  Electrocardiograms (lead II).  A, control; blood pressure 148, 
heart rate 200.  B, 3 minutes after intravenous  injection of  renin  (2.0 cc.) showing 
nodal extrasystoles.  Blood pressure 188, heart rate 127.  C, 2 minutes later.  Ven- 
tricular  extrasystoles  in  bigeminal  sequence.  Blood  pressure  195, heart  rate 200. 
D, 20 minutes later.  Blood pressure  150, heart rate 200. 
Electrocardiograms 
In eight experiments electrocardiograms  (lead II--right fore leg to left hind 
leg)  were  recorded  before,  during,  and  at  intervals  after,  the  rise  in  blood 
pressure  induced  by  the  intravenous  injection  of  renin  or  angiotonin  into 
anesthetized  cats.  In no instance were changes in  contour observed in  these 100  RENIN  AND  ANGIOTONIN CARDIAC  "PRESSOR  '~  EFFECTS 
records  such  as  would  suggest  insufficient  blood  supply  to  the  myocardium. 
The cardiac rate slowed temporarily during the pressor effect but the rhythm 
remained  unaltered,  even  though  the  total  rise  in  pressure  was  as  much  as 
80 mm. Hg, unless  the level reached or exceeded  190 mm.  Hg.  With rise  in 
pressure above this, nodal or ventricular extrasystoles were commonly observed 
(Fig.  5).  That these were due,  in part at least,  to certain moderator reflexes 
FIG. 6.  Cat 3.2 kilos.  Electrocardiograms  (lead  II).  A, control;  blood  pressure 
160,  heart  rate 200.  B, 6 minutes after injection of renin (5.0 cc.).  Blood pressure 
210, heart rate 175.  C, 2 minutes  later,  1 minute after section of both vagi.  Blood 
pressure  215,  heart  rate  210. 
was indicated  by the fact  that  it was possible  to cause the abnormal rhythm 
to disappear,  or to prevent  its appearance,  by severing both vagus nerves,  or 
injecting atropine  sulfate  (Fig.  6). 
DISCUSSION 
Under  the conditions of the experiments  described above  it  has been shown 
that angiotonin  constricts the coronary  arteries and  increases  the amplitude 
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renin, augments the output and "arterial" pressure of the heart-lung prepara- 
tion.  Certain of these conditions bear significantly upon the probable action 
of these substances in the intact animal.  It is presumed that renin is inactive 
in the saline medium because of the lack of activator; the need of angiotonin- 
activator  is  apparently  less  imperative.  Moreover,  it  is  inherent  in  the 
Langendorff method that the pressure head at the ostia of the coronary arteries 
is maintained constant and uninfluenced by the beat of the heart; coronary 
constriction is thus directly reflected in decreased coronary flow.  In vivo, on 
the other hand, the results of coronary constriction may be masked, or even 
overbalanced, by a  concomitant rise in arterial pressure.  In the heart'lung 
preparation, cardiac output and "arterial" pressure are increased by angiotonin 
or renin despite a constant, or even diminishing, inflow pressure and against a 
constant peripheral resistance.  Since cardiac rate  is  not increased this  can 
only mean that, under these conditions, the amplitude or vigor of ventricular 
systole is enhanced.  In the intact animal this may be expected to oppose the 
influence  of  peripheral  vascular  resistance  toward  diminishing  blood  flow 
during  the period of hypertension.  There is  some indication  of this  in  the 
results of Landis, Montgomery, and Sparkman (16) and of Corcoran and Page 
(17), Who observed that, in contrast with other "pressor" substances such as 
adrenalin and pitressin, renal extracts can cause an equivalent and considerable 
rise in blood pressure without so contracting the peripheral vascular field as to 
lower skin temperature.  In these circumstances blood flow is undiminished. 
The pressure existing in any fluid, such as blood, in an elastic container, such 
as the systemic arterial tree, will depend fundamentally upon the quantity of 
that  fluid  relative  to  the  capacity  of  the  container.  It  is  unnecessary  to 
enumerate the circumstances under which fall of systemic arterial pressure is 
obviously associated  with  underfiUing of  the  arterial  vessels  (hypotension). 
It may bear emphasis that in all forms of hypertension either the capacity of 
the arterial  tree is diminished by vasoconstriction, or arterial blood volume 
must be supposed to be increased.  ~ 
The  results  described afford evidence that  the  "pressor" effects of renal 
pressor substances  are not  solely due to vasoconstriction but  include direct 
stimulation of the myocardium with increase in force or amplitude of ventricu- 
lar systole.  Unless, like the direct action of digitalis on the normal heart, this 
action of renin or angiotonin leads to diminution of ventricular volume below 
optimal  size,  the  effect will  be  to  increase  cardiac  output.  The  fact  that 
4 No accurate means of measuring  arterial blood volume is at present available. 
However, from Bazett's (18) tabulation of Mall's  (19) anatomical measurements  of 
the mesenteric vessels it is to be inferred that the arteries contain a relatively small 
proportion (perhaps less than 10 per cent) of the total blood in a given region of the 
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considerable rise in blood pressure may result without commensurate vaso- 
constriction may rest upon these phenomena.  Potentiated, perhaps, by in- 
crease in tone of the large arteries and arterioles, even without diminution of 
their caliber, these effects may provoke the condition essential to arterial hyper- 
tension: the achievement of a  state in which the amount of blood contained 
within the systemic arterial tree is increased in relation to the capacity of this 
arterial  system. 
SUMMARY  AND  CONCLUSIONS 
Upon the isolated hearts of cats perfused with Ringer-Locke solution renin 
produced no significant effect.  Angiotonin, on the other hand, brought about 
decrease in coronary flow and increase in amplitude of beat without any con- 
sistent effect upon heart rate. 
Both renin and angiotonin augmented the cardiac output and raised  the 
"arterial" pressure in the Starling heart-lung preparation; here too without 
influence on the heart rate. 
Electrocardiograms recorded before, during and after the pressor effects of 
renin and angiotonin in the anesthetized cat showed no abnormalities until 
the blood pressure had risen above 190 ram. Hg when various types of cardiac 
arrhythmias  appeared.  These  were  prevented,  or  normal  rhythm was  re- 
stored, by cutting the vagus nerves or injecting atropine. 
It is concluded that the "pressor" effects of renal pressor substances include 
direct-stimulation of the myocardium and augmentation of ventricular beat. 
Unless these actions lead to excessive decrease in diastolic volume of the ven- 
tricles, the cardiac output will be increased.  The significance of this in the 
production of the pressor effect is discussed. 
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